Life history patterns of the three most abundant chironomids were analysed in Lake Balaton by monitoring the population dynamics of larvae and the presence of pupal exuviae. Procladius choreus had two generations per year with at least two parallel cohorts during 1996-1999. Tanypus punctipennis had a trivoltine life cycle with occasional parallel cohorts, overlapping generations and long, interrupted emergence periods between 1997 and 1999. At Tihany, Chironomus balatonicus had only one detectable generation between 1995 and 2002. Meanwhile at Keszthely, the abundance of C. balatonicus larvae peaked from autumn to the beginning of summer in
Introduction
Chironomids play an important role in lotic and lentic ecosystems by decomposing autochthonous and allochthonous detritus and as they are important foods for higher trophic levels, especially for fi sh. Thanks to the widespread distribution of the family and the specifi c environmental requirements of species, chironomids are good indicators of environmental status (Brundin 1958 , Seather 1979 , Wiederholm 1980 . Life history pattern of chironomids may vary by climate, altitude, water depth, food resource and other environmental factors (Borutsky 1963 , Tokeshi 1995 . Therefore, life history data are important not only for production calculations (Benke 1984 ), but they also can give important information about environmental conditions, such about changes in food resources (Hooper et al. 2003) , predation pressure by fi sh (Kajak & Prus 2004) , oxygen concentration (Jónasson & Kristiansen 1967) and may indicate climate change (Péry & Garric 2006) .
Benthos of Lake Balaton is dominated by three chironomid species, Procladius choreus (Meigen), Tanypus punctipennis Meigen and Chironomus balatonicus Dévai, Wülker et Scholl, that comprise more than 80-90% of the benthic chironomid fauna in biomass (Dévai & Moldován 1983 , Specziár & Bíró 1998 , Specziár & Vörös 2001 . During the 1980s and the fi rst half of the 1990s several mass emergences occurred in the lake causing a considerable disinterest in tourism. These events drew the attention to the necessity of life history investigations that could facilitate the forecasting of mass emergences of chironomids. Such studies were initiated during the 1980s and they covered exuviae monitoring (Dévai 1988 ) and some laboratory observations on the development of C. balatonicus larvae (Dévai 1993) . Specziár and Vörös (2001) found that parallel with the decreasing productivity of Lake Balaton, the occurrence of the large C. balatonicus larvae became inordinate, and periods with high larval density were alternated with several month long periods with actually zero abundance. The aim of this study was to describe life history patterns of the three dominant chironomids in Lake Balaton. In this study I analyse (2) live cycle of midges based on the size frequency distribution of larvae and the presence of pupal exuviae on the water surface.
Study area
Lake Balaton is a large (593 (HCO 3 -) 2 . A wind over 1 to 4 m sec -1 velocity disturbs the loose sediment and disperses the solid particles in the whole water body. The natural shoreline (reed grass stands) has been limited to 110 km. The remaining shoreline (105 km) has been artifi cially protected with stones or concrete walls and there are several harbors for sailboats and beaches. The water level has also been regulated and its annual fl uctuation mostly does not reach more than 50 cm. Lake Balaton is an important tourist centre. Consequently, heavy human pressure and cultural eutrophication have changed the biological structure and functioning of the whole lake during the mid 1900s. However, due to a successful nutrient management on the drainage area Lake Balaton has been recovering from this man-made eutrophication since the mid 1990s (Istvánovics et al. 2007) . Oxygen defi ciency has never been registered in the lake and also concentrations of heavy metals and other toxic pollutants are low or insignifi cant (Herodek et al. 1988 , Nguyen et al. 2005 . In most of the lake area, sediment of Lake Balaton is composed of very fi ne silt which grain size is <0.2 mm but in 75% of the particles the grain size is <0.0063 mm. Sand (grain size: 0.063-0.63 mm) occurs only along the southern shoreline of the lake in an about 500 m wide very shallow and wind exposed littoral zone (Müller 1969) . Organic matter content of the offshore sediment varies over the lake area between 2.4% and 8.6% in dry weight (Specziár & Vörös 2001) . Limnology of Lake Balaton was reviewed in details by Herodek et al. (1988) During 1995 During -2002 During three (in 1995 During -1998 to fi ve (in 1999-2002 ) sediment samples were taken weekly to four weekly at Tihany and at Keszthely (not in 1995) from the offshore area of Lake Balaton in the ice free period, from February to October (December) by means of a corer (2 x 62.2 cm 2 and 1 x 109.8 cm 2 per sediment sample in 1995-1996 and 1997-2002, respectively) . Sediment samples were washed through a sieve of 0.25 mm mesh-size in the fi eld, and then taken to the laboratory in a cooling box where chironomids were separated from live samples by sugar fl otation (Anderson 1959 ) and preserved in 3.5% formaldehyde until further analyses. Larvae were separated to taxonomic groups and to instars. Second to fourth instars were distinguished according to the head capsule width of larvae (Specziár & Bíró 1998) . Length of each larva was measured to the nearest 0.1 mm. To monitor the emergence of chironomids, pupal exuviae were collected from the water surface with a dip-net of 0.25 mm mesh-size on every to every third day during the ice-free period at Tihany, and biweekly at Keszthely in 1996-1999. Since the method of pupal exuviae sampling was not quantitative thus we considered only presence-absence information on emergence. Life cycle analyses were performed for the period between 1996 and 1999 according to the length frequency dynamics of larvae by instars and the occurrence of pupal exuviae, while abundance dynamics of C. balatonicus larvae were described for the entire sampling period from 1995 to 2002.
Material and methods

Results
During the study, altogether 25 chironomid taxa were found as larva and 20 taxa as pupal exuvia (Specziár & Bíró 1998 , Bíró & Specziár 2001 . However, only three species, P. choreus, T. punctipennis and C. balatonicus, were abundant enough to perform life cycle analyses.
Procladius choreus
In 1996-1999, P. choreus dominated in abundance both at Tihany (564-872 ind. m -2 , annual means) and Keszthely (316-538 ind. m -2 , annual means) (see also Specziár & Bíró 1998 ) and on an average it amounted 48.7-64.6% of the total chironomid biomass (including all found species) at Tihany and 5.2-15.3% at Keszthely. Seasonal variations of abundance showed mostly one coldwater (autumn to spring) and one summer peaks annually (Fig. 2. ).
P. choreus had a bivoltine life cycle and most generations consisted of at least two contemporary cohorts (Fig. 3.) . Presence of the parallel cohorts was obvious in overwintering generations, but it was less characteristic in summer generations. Life cycle was similar during the four year of study at both sampling sites. (3) Organic matter content of the upper 1 cm of the sediment (% dry wt)
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A. SPECZIÁR Larvae overwintered mainly as third and fourth instars although few second instar larvae were also found. Emergence of the winter generation lasted from May to June, occasionally to the beginning of July. Pupal exuviae were not found before April except in 1999. Most intense emergences of the winter generation occurred generally at the beginning of June. Summer generation started to develop only after this mass emergence. Emergence of the summer generation was more synchronised in 1996-1998, and it lasted only for two to three weeks in August. However, exuviae were also found throughout July in 1999. At the end of October 1999 some second instar larvae appeared in the sediment which might indicate an autumn emergence, too. However, this was not supported neither by the occurrence of pupal exuviae nor by the presence of large fourth instar larvae.
Tanypus punctipennis
In 1996, T. punctipennis larvae were found in low density (22-27 ind. m -2 , annual means) at both sampling sites, thus the life cycle could not be analysed. In 1997-1999, the density of T. punctipennis larvae increased signifi cantly being 159-306 ind. m -2 (annual means) at Tihany and 28-80 ind. m -2 (annual means) at Keszthely (see also Specziár & Bíró 1998) . In this period, the average contribution of this species to the total chironomid biomass was 26.2-32.7% (annual means) at Tihany and 0.9-2.0% at Keszthely. Larval abundance showed different patterns at the two sampling sites and also varied among years, but in general it had two to three peaks annually (Fig. 2.) .
According to the size frequency dynamics of larvae, we could separate altogether 11 cohorts between 1997 and 1999 at Tihany, which could be corresponded to ten generations. T. punctipennis had three generations per year with two (in 1997/1998) or one winter cohorts, respectively (Fig. 4.) . In 1997, emergence of the fi rst winter cohort started in February just after the thaw. However, most of the overwintered larvae emerged from April to June. In 1997, the fi rst summer generation emerged in June, while the second during AugustSeptember. In 1998-1999, winter cohorts emerged from February to April or to the fi rst half of May (in 1999). Individuals of the fi rst summer generation emerged from May to June and that of the second summer generation emerged from July but mainly in AugustSeptember. Larvae overwintered dominantly as fourth instars, and only few of them as third instars. 
Chironomus balatonicus
At Tihany, the maximum offshore density of C. balatonicus was 1751 ind. m -2 in February 1995, and the mass swarming of adults caused signifi cant nuisance during May and June 1995. Between 1996 and 2002, C. balatonicus practically occurred only at Keszthely in a density of 23-796 ind. m -2 (annual means) and where it comprised 80.0-91.9% of the mean total chironomid biomass (see also Specziár & Bíró 1998) . At Keszthely, the abundance of larvae peaked from autumn to the beginning of summer in 1996/1997, 1998/1999 and 2000/2001 , and it was continuously high from August 2001 to October 2002. However, between these abundance peaks there were long periods when larvae could not be found at all (Fig. 2.) .
In 1995, C. balatonicus had one detectable generation at Tihany, which was an overwintering generation and probably it was established still in autumn 1994 (Fig.  2. ). Pupal exuviae occurred from 20 April to 15 July, with two marked peaks from 1 to 5 May and from 8 to 9 July. Since the end of July 1995 C. balatonicus larvae and pupal exuviae have been found only sporadically at Tihany. During 1996-1999, C. balatonicus had only three detectable generations at Keszthely with eight to ten months developing periods (Fig. 5.) . Between these generations there were two and fourteen months gaps without detectable populations in 1996 and 1997-1998, respectively. Detectable generations were established in September. Larvae overwintered as third and fourth instars. Pupal exuviae of C. balatonicus were found from May to the middle of July, with maximum densities at the end of June and the beginning of July, although very few exuviae also occurred from August to October. From July 1999 no C. balatonicus larvae were found again until August 2000, when after a 14 months of virtual absence the next detectable generation initiated. However, live cycle was not studied in 2000-2002.
Discussion
Present results on the voltinism of P. choreus coincide with the observations of Dévai (1988) , who also found two emergence peaks in Lake Balaton during May to June and in August. Other populations of P. choreus generally also have a bivoltine life cycle (Learner & Potter 1974 , Pankratova 1977 , although in Lake Banyoles even four generations per year were found (Prat & Rieradevall 1995) . Similarly to Lake Balaton, contemporary winter cohorts were found in Procladius spp. in Lake Erken (Goedkoop & Johnson 1996) . (7) In T. punctipennis two generations per year with two parallel winter cohorts were found in the Neusiedler See (Wolfram 1996) , two to three generations in Lake Banyoles (Prat & Rieradevall 1995) and one to two in Essendon ponds (Learner & Potter 1974) . In Lake Balaton, the population dynamics of T. punctipennis suggests a trivoltine life cycle with occasional parallel cohorts, overlapping generations and prolonged emergence periods. A previous study reported two major emergence periods, in June and September, in T. punctipennis in Lake Balaton (Dévai 1988) . These two emergence periods agree with the emergence periods of the two summer generations found in the present study. However, we found that the overwintering generation typically emerges from February to April.
Under the temperate climate Chironomus species generally have two generations per year (e.g., Borutsky 1963 , Sokolova 1983 . However, Dévai (1993) found that under laboratory conditions C. balatonicus larvae accomplished their development in 15-20 days at 20-22 o C. Short generation times were also found in 1983 at Keszthely when four consecutive generations of C. balatonicus were assumed according to the emergence pattern and the abundance dynamics of larvae (Dévai 1990 ). However, the population dynamics of C. balatonicus was very uncommon during this study. According to our best knowledge similar population dynamics has not been reported yet. All detectable generations found between 1996 and 2001 were winter generations and according to observations in 1996/1997 and 1998/1999 they developed for eight to ten months. Meanwhile larvae were not found for two to fourteen months, and the only season with signifi cant larval abundance in summer was 2002. Results of other, parallel investigations with much more sampling sites over the lake also proved the lack of C. balatonicus larvae during the herein mentioned periods (Specziár & Bíró 1998 , Bíró & Specziár 2001 , Specziár & Vörös 2001 . On the other hand, sporadic occurrence of exuviae during these periods (it is easier to fi nd exuviae visually on the water surface than to sample rare larvae in the sediment) proves that refuge areas should exist in the lake where few larvae can develop. Expansive stockings of C. balatonicus might be made by these "hidden populations" when living conditions became adequate in the lake. Because of the extreme population dynamics, voltinism of C. balatonicus can not be determined, but according to the available information it could be supposed that this species had at least two generations annually of which the summer generation(s) was(were) hidden.
Extreme population dynamics of C. balatonicus suggests that living conditions in Lake Balaton fl uctuate around the limit value of this species. Specziár and Vörös (2001) showed that production of C. balatonicus strongly depends on the phytoplankton production. It was concluded that the winter generation of C. balatonicus achieves the detectable density if late summer mean chlorophyll-a concentration exceeds 20-30 mg m -3 or in other approach the phytoplankton production exceeds 250 g C m -2 yr -1 . However, sporadic occurance of C. balatonicus pupal exuviae even during periods when larvae could not been found, suggests that other factors could also impact the distribution of this species in Lake Balaton. Consequently, investigation of the "hidden populations" and their environment could be a special chance to learn more about the ecology of C. balatonicus.
All three chironomid species considered in this study had long emergence periods, especially in their winter generations. Prolonged emergence in chironomids is common even in laboratory reared unicohort stocks (Fisher 1974 , Maténa 1989 . For example Maténa (1989) found that hatching of laboratory reared C. plumosus lasted from the 21 th day until the 100 th day of rearing. It is obvious though that under natural conditions emergence of a generation, especially that of with parallel cohorts, may last still longer. Long emergence periods may favour the formation of parallel cohorts, which could reduce inter-and intraspecifi c competition, especially in Tanypodinae where diet shift may occur during the ontogeny (Baker & McLachlan 1979 , Schiemer 1979 .
Parallel cohorts in the two Tanypodinae species separated most clearly in winter generations. This also could be a consequence of the diapause that may last for a long period in winter. If parts of a generation enter diapause in different developmental stage or time the generation splits into cohorts (Goddeeris 1989) . During the diapause the ontogeny of larvae stops, thus they remain in the same larval stage, however their somatic growth may continue (Goddeeris et al. 2001 ). Accordingly, larvae may grow larger in winter that is in accordance with the present observations as overwintered individuals of the three chironomid species reached larger sizes compared to individuals of the summer generations. According to the population dynamics of larvae it could be assumed that overwintering P. choreus and C. balatonicus larvae enter diapause in third and fourth instars, while T. punctipennis larvae mainly as fourth instars.
In conclusion, the most important fi nding of this study is the uncommon present-absence population dynamics of C. balatonicus in Lake Balaton. Similar phenomenon has not been observed in other invertebrates in the lake yet. Alteration of high density and undetectable generations suggests that this species is particularly sensitive to certain environmental factors, and therefore, it can be a good indicator species. However, the ecological role and environmental tolerance of C. balatonicus is still not known adequately.
